
Southwest Fisheries Center Administrative Report H-83-7 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Southwest F i she r ies  Center 
Honolulu Laboratory 
P. 0. Box 3830 
Honolulu, Hawaii 96812 

OPERATIONS AND PROCEDURES MANUAL FOR V I S I T I N G  SCIENTISTS 

AT THE KEWALO RESEARCH FACILITY 

Mar t ina  K. K. Queenth and Richard W. B r i l l  
Southwest F i s h e r i e s  Center  Honolulu Labora tory  

N a t i o n a l  Marine F i s h e r i e s  S e r v i c e ,  NOAA 
Honolulu,  Hawaii 96812 

A p r i l  1983 

[NOT FOR PUBLICATION] 



This report is used to insure prompt dissemination of preliminary results, 
interim reports, and special studies to the scientific community. Contact 
the authors if you wish to cite or reproduce this material. 



INTRODUCTION 

The Kewalo Research F a c i l i t y  (KRF) i s  p a r t  of t h e  Southwest F i s h e r i e s  
Cen te r ' s  Honolulu Laboratory.  The KRF i s  t h e  on ly  r e s e a r c h  f a c i l i t y  i n  t h e  
world t h a t  ma in ta ins  s t o c k s  of l i v e  tuna  s p e c i f i c a l l y  f o r  b e h a v i o r a l  and 
p h y s i o l o g i c a l  r e s e a r c h ,  and i t  h a s  been t h e  s i t e  of active tuna  r e s e a r c h  
f o r  25 yea r s .  The KRF has  hos ted  v i s i t i n g  s c i e n t i s t s  s i n c e  i t s  i n c e p t i o n .  
This  book le t  i s  designed t o  o r i e n t  p r o s p e c t i v e  and v i s i t i n g  r e s e a r c h e r s  t o  
v a r i o u s  a s p e c t s  of working w i t h  tunas  and t o  l i s t  c e r t a i n  o b l i g a t i o n s  t h a t  
must be f u l f i l l e d  by v i . s i t i n g  s c i e n t i s t s .  

Before work can beg in  a p roposa l  must be  submi t ted  f o r  review and 
approva l  t o  M r .  Richard S ,  Shomura, Labora tory  D i r e c t o r ,  D r .  Richard W. 
B r i l l ,  Leader, Experimental Ecology of Tunas Program; and.Mr. Randolph K.C. 
Chang, KRF Manager. The p roposa l  should inc lude  a background d i s c u s s i o n  of 
t h e  in tended  work, t e n t a t i v e  procedures ,  f i s h  and l a b o r a t o r y  requi rements  
( i n c l u d i n g  space, equipment, and p e r s o n n e l ) ,  and t h e  expected d u r a t i o n  of 
t h e  v i s i t .  The d e s i r e d  s t a r t i n g  d a t e s  should a l s o  be s t a t e d ,  keeping i n  
mind t h a t  t h e  a v a i l a b i l i t y  of t unas  a t  t h e  KRF is  n o t  t h e  same year-round, 

Also, t h e r e  are forms t h a t  must be completed b e f o r e  work a t  KRF can 
begin.  These w i l l  be s e n t  upon approval  of t h e  i n i t i a l  proposal.. 

FACILITIES 

The fo l lowing  accommodations (F igu re  1) are a v a i l a b l e  t o  v i s i t i n g  
s c i e n t i s t s  a t  t h e  KRF: 1) O f f i c e  space  ( u s u a l l y  l i m i t e d  t o  a s m a l l  work 
area w i t h  a d e s k ) ,  2) t h e  RV Kaahe le ' a l e  (a 33-ft  r e s e a r c h  v e s s e l  o u t f i t t e d  
f o r  i n s h o r e  ocean work, a v a i l a b l e  on ly  on a shor t - te rm b a s i s ) ,  3)  ho ld ing  
and exper imenta l  t anks  ( t a n k  space  i s  l i m i t e d  bu t  some f l e x i b i l i t y  i s  
p o s s i b l e ;  however, Honolulu Labora tory  r e s e a r c h  p r o j e c t s  must have f i r s t  
p r i o r i t y ) .  

The KRF i s  an  e x c e l l e n t  p l a c e  f o r  marine r e s e a r c h .  The seawater 
supp l i ed  t o  t h e  hold ing  t anks  is  f i l t e r e d  through crushed c o r a l .  It i s  
t h e r e f o r e  f r e e  of most f o u l i n g  organisms and t h e  water q u a l i t y  is  w e l l  
w i t h i n  l e v e l s  se t  by t h e  Environmental P r o t e c t i o n  Agency (Table 1). 
Holding t anks  (F igure  1) are 8 and 6 m i n  d iameter  above ground poo l s  and 
a l a r g e  c o n c r e t e  oceanarium (20  X 15 X 3.3 m deep) .  Seawater i s  supp l i ed  
t o  t h e  poo l s  a t  a flow rate s u f f i c i e n t  t o  t u r n  over t h e  volume i n  t h e  t anks  
i n  approximate ly  24 h. There are  a l s o  t h r e e  o b s e r v a t i o n  towers s i t u a t e d  
nea r  t h e  ho ld ing  t anks .  

AVAILABILITY OF LIVE TUNAS 

The KRF r o u t i n e l y  ma in ta ins  t h r e e  s p e c i e s  of l i v e  tunas :  s k i p j a c k  
tuna ,  Katsuwonus pe lamis ;  y e l l o w f i n  tuna  ( a h i ) ,  -- Thunnus a l b a c a r e s ;  
kawakawa, Euthynnus a f f i n i s ;  and o c c a s i o n a l l y  b igeye  tuna ,  T. obesus. In 
a d d i t i o n ,  do lphinf  i s h  (mahimahi) , Coryphaena h ippurus  , are b e i x t u r e d  
a t  t h e  KRF and a t  s e v e r a l  o t h e r  i n s t i t u t i o n s  i n  H a w a i i .  These f i s h  are 
t h e r e f o r e  a v a i l a b l e  as r e s e a r c h  s u b j e c t s  as eggs ,  larvae, j u v e n i l e s ,  o r  
a d u l t s .  



2 

KEWALO BASIN 

MAIN BUILDING 00 
1 
I 

0 
0 

0 
0 

ORO 
0’ 

0 

0 

0 0 0 20 40 60 80 
00 . ,NO FEET 

r---- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure  1.--Schematic map of t h e  Kewalo Research F a c i l i t y .  O f f i c e s  and 
l a b o r a t o r i e s  are i n  t h e  main bu i ld ing .  
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Table 1.--Analysis results of seawater from well at Kewalo Research Facility. 

Standard 
Contents KRF well seawater Units 

S a l i n i t y  s0/oo 

Cl 

Ca 

Me 
Na 

K 

Si 

Pb 

cu 

Zn** 

Mn 

Fe 

Cr 

Cd 

34.566 

20,050 

392 

1 ,300  

11,300 

400 

9 

<0.6 

0.46 

135 

18 

0.61 

1.6 

<0.01 

35.0 

19,353 

411 

1,293 

10,762 

399 
-- 

Safe levels* 

50 

50 

4 

100 

1 

100 

1.2 

*As established by the Environmental Protection Agency. 

**Zn values may be due to laboratory error. 
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The a v a i l a b i l i t y  of l i v e  tunas  a t  KRF i s  n o t  t h e  same year-round and 

However, t h e  seasona l  
t h i s  must be cons idered  when schedul ing  a r e s e a r c h  p r o j e c t .  
number of  r easons  why t h e  f i s h  may be unava i l ab le .  
commercial v a l u e  of  t h e  tunas  is  t h e  o v e r r i d i n g  f a c t o r .  The commercial 
tuna f i s h i n g  b o a t s ,  l o c a l l y  r e f e r r e d  t o  as  aku boa t s ,  are t h e  on ly  s u p p l i e r s  
of l i v e  tuna  and i t  i s  only  through t h e i r  vo lun ta ry  coope ra t ion  t h a t  w e  
r e c e i v e  animals .  The f ishermen are paid f o r  t h e  f i s h  t h a t  are d e l i v e r e d  t o  
t h e  KRF, b u t  t hey  r e c e i v e  on ly  a f r a c t i o n  of t h e  amount t h a t  t hey  can  
u s u a l l y  g e t  i n  t h e  market. This  i s  e s p e c i a l l y  t r u e  around t h e  ho l idays  
(December-January) . 

There are a 

F igure  2 shows t h e  monthly average  number of s k i p j a c k  tuna ,  ye l lowf in  
tuna,and kawakawa d e l i v e r e d  t o  t h e  KRF over  a 5-year per iod  (1977-81). 
These graphs  do n o t  t a k e  i n t o  account  whether f i s h  were on o r d e r ,  nor  are 
they  an  i n d i c a t i o n  of a v a i l a b i l i t y  of f i s h  t o  t h e  commercial f i s h e r y .  
(Note: 
by t h e  aku boa ts . )  These graphs  are in tended  t o  show when r e s e a r c h  t i m e  
might be  op t ima l ly  scheduled. For example, a r e s e a r c h e r  i n t end ing  t o  u s e  
s k i p j a c k  tuna  i n  l a t e  win te r  may spend long  p e r i o d s  of t i m e  wa i t ing  f o r  f i s h .  

Kawakawa have l i t t l e  market va lue  and they are no t  g e n e r a l l y  sought 

Once t h e  KRF Manager is  aware of a r e s e a r c h e r ' s  need f o r  f i s h  he informs 
t h e  tuna boa t  l i a i s o n ,  M r .  S h o j i  Teramoto, who i n  t u r n  c o n t a c t s  t h e  aku boa t  
c a p t a i n s .  I f  f i s h i n g  f o r  market-sized f i s h  i s  slow, c a p t a i n s  w i l l  look f o r  
schools  of small tuna  f o r  t h e  KRF. Although tuna  of a s p e c i f i c  s i z e  can  be 
r eques t ed ,  d e l i v e r y  cannot  be guaranteed.  
l i v e  tuna  (12-25 f i s h )  i s  $300. The p r i c e  f o r  dead specimens is  u s u a l l y  t h e  
market p r i c e  ($50 f o r  10, f o r  example). These pr ices  are s u b j e c t  t o  change. 

The normal p r i c e  f o r  a load  of 

F igure  3 g i v e s  t h e  fork- length  frequency d i s t r i b u t i o n  f o r  t h e  tunas  
a v a i l a b l e  a t  t h e  KRF dur ing  1981 and 1982. 
a v a i l a b l e  is  due t o  t h e  f a c t  t h a t  tuna w i t h  f o r k  l e n g t h s  of 29 t o  49 cm 
(approximately 0.5 t o  2 kg body weight)  have t h e  b e s t  s u r v i v a l  ra tes  dur ing  
c a p t u r e  and d e l i v e r y  ope ra t ions .  

The r e l a t i v e l y  narrow s i z e  range 

Capture  and d e l i v e r y  procedures  are as fo l lows .  A f eed ing  school  of 
tuna is  a t t r a c t e d  t o  t h e  boa t  by chumming wi th  l i v e  b a i t  and t h e  tuna a re  
caught  on f e a t h e r  j i g s  w i t h  b a r b l e s s  hooks. The f i s h  are then  l i t e r a l l y  
to s sed  i n t o  b a i t w e l l s  t h a t  have been f looded wi th  seawater. When a 
s u f f i c i e n t  number have been caught  t h e  boa t  r e t u r n s  t o  t h e  KRF. N e w s  of 
t h e i r  c a t c h  is  rece ived  w e l l  i n  advance v i a  r a d i o  and Mr. Teramoto is t h e r e  
t o  m e e t  t h e  boa t  w i th  a t r a n s f e r  tank.  

When t h e  f ishermen a r r i v e  a t  a dock nea r  t h e  KRF they  o f f l o a d  t h e  f i s h  
i n t o  a t r a n s f e r  tank.  Chamois n e t s  are used t o  g e t  t h e  f i s h  ou t  of t h e  
b a i t w e l l s .  The s o f t  n e t s  h e l p  t o  prevent  eye and s k i n  damage. The 
r e s e a r c h e r  may be  p r e s e n t  a t  t h e  t r a n s f e r ,  e s p e c i a l l y  i f  t h e r e  i s  some 
procedure t h a t  needs  t o  b e  done s h o r t l y  a f t e r  t h e  f i s h  arrive, The 
t r a n s f e r  t ank  is  then  moved t o  t h e  a p p r o p r i a t e  ho ld ing  tank.  A t  t h i s  p o i n t  
t h e  f i s h  are r e l e a s e d  by lowering t h e  e n t i r e  t r a n s f e r  t ank  i n t o  t h e  hold ing  
tank.  One edge of t h e  t r a n s f e r  t ank  i s  lowered a l lowing  t h e  f i s h  t o  s w i m  
o u t .  Handling, wh i l e  unavoidable ,  i s  kept  t o  a minimum t o  avoid 
unnecessary i n j u r y  t o  t h e  f i s h .  
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Figure  2.--Average number of t u n a s  (by 
s p e c i e s )  d e l i v e r e d  t o  t h e  Kewalo 
Research F a c i l i t y  over  a 5-year pe r iod  
(1977-81). Skip jack  tuna  are t h e  most 
r e a d i l y  a v a i l a b l e  species. Kawakawa 
are no t  r o u t i n e l y  sought  by t h e  com- 
mercial f i s h i n g  b o a t s  t h a t  supply  tuna  
t o  t h e  Kewalo Research F a c i l i t y  and a 
s p e c i a l  o r d e r  must be p laced .  
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Figure  3.--Size-frequency d i s t r i b u t i o n  
f o r  t h e  s p e c i e s  of t u n a s  r o u t i n e l y  
a v a i l a b l e  a t  t h e  Kewalo Research Fa.ci1- 
i t y  (1981-82). Tunas g r e a t e r  t han  50- 
60 c m  f o r k  l e n g t h  r a r e l y  s u r v i v e  cap tu re  
and d e l i v e r y  o p e r a t i o n s ,  a l though l a r g e r  
t unas  are commercially caught  around 
Oahu , H a w a i i .  
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It  i s  t h e  r e s p o n s i b i l i t y  of each  r e s e a r c h e r  t o  see t h a t  t ank  space  has  
been r e se rved  f o r  incoming f i s h .  This  is done a t  t h e  weekly s t a f f  meeting. 

CAPTIVITY PROBLEMS 

The c o n d i t i o n  of t h e  tuna  a t  t h e  t i m e  of a r r i v a l  a t  t h e  KRF ho ld ing  
t anks  depends on a number of u n c o n t r o l l a b l e  f a c t o r s .  Severe hook wounds, 
s k i n  a b r a s i o n s ,  and f r ayed  f i n s  are common and unavoidable d u r i n g  cap tu re .  
The o n l y  s u r f a c e  a tuna  "knows" i s  t h e  i n t e r f a c e  between t h e  sea and a i r .  
The w a l l s  of t h e  tuna  b o a t ' s  b a i t w e l l s  are new and s t r e s s f u l ,  and i f  rough 
seas are added t o  crowded b a i t w e l l  c o n d i t i o n s ,  t u n a s  w i t h  normally 
e x c e l l e n t  avoidance r e sponses  may l i t e r a l l y  bounce o f f  t h e  w a l l s .  

M o r t a l i t y  s t a t i s t i c s  c o l l e c t e d  a t  KRF r e v e a l  t h e  fo l lowing:  

1) M o r t a l i t y  i n  a d e l i v e r y  of f i s h  may be from 0 t o  100%. 

2 )  Most m o r t a l i t i e s  occur  on t h e  second o r  t h i r d  day a f t e r  c a p t u r e  
(F igu re  4 ) .  

3 )  Many m o r t a l i t i e s  can  be a t t r i b u t e d  t o  seve re  hook wounds and /o r  
s k i n  a b r a s i o n s  which appear  t o  cause  d e a t h  e i t h e r  through osmotic 
imbalance o r  i n f e c t i o n .  

Each s p e c i e s  of tuna  h a s  i t s  own problems i n  c a p t i v i t y .  Sk ip jack  tuna  
are t h e  most f r a g i l e  and can be kep t  h e a l t h y  f o r  on ly  a r e l a t i v e l y  s h o r t  
t i m e .  They are e a s i l y  acc l imated  t o  c a p t i v i t y  and u s u a l l y  feed  r e a d i l y  bu t  
are s u b j e c t  t o  a c o n d i t i o n  known a s  pu f fy  snout .  A l l  t unas  are s u s c e p t i b l e  
t o  p u f f y  snou t ,  which i s  probably  stress r e l a t e d ,  b u t  s k i p j a c k  tuna  are t h e  
most s e v e r e l y  a f f e c t e d  i n  t h e  s h o r t e s t  per iod  of t i m e .  Pu f fy  snout  i s  a 
deformat ion  of  t h e  s k u l l  i n t o  p i l l owy  looking  b l i s t e r s  (F igure  5 ) .  F i s h  
wi th  s e v e r e  pu f fy  snout  d i e  from s t a r v a t i o n  because t h e  b l i s t e r s  e v e n t u a l l y  
cover t h e  t e e t h  and occ lude  t h e  eyes  and p reven t  t h e  f i s h  from feed ing .  A 
number of s t u d i e s  have been conducted t o  de te rmine  t h e  cause  of pu f fy  snou t ,  
b u t  no c o n c l u s i v e  f a c t o r  h a s  been found. 
t h e  f i r s t  few weeks of c a p t i v i t y  i n  most s k i p j a c k  tuna.  

Puf fy  snout  u s u a l l y  o c c u r s  w i t h i n  

It i s  o f t e n  d i f f i c u l t  t o  g e t  y e l l o w f i n  tuna  t o  s ta r t  feeding .  Once 
they  beg in  t o  f eed ,  however, they  do w e l l .  A s  an example, ye l lowf in  tuna  
were main ta ined  a t  KRF over  3 y e a r s  and grew t o  weigh over  45 kg (100 l b ) .  
Yel lowf in  tuna  may jump o u t  of t h e  ho ld ing  t anks  and are e s p e c i a l l y  prone 
t o  do t h i s  d u r i n g  feeding .  Pu f fy  snout  i s  on ly  a s l i g h t  problem. M o r t a l i t i e s  
of y e l l o w f i n  tuna  kep t  f o r  extended p e r i o d s  of t i m e  are probably due t o  
d i e t a r y  d e f i c i e n c i e s .  

Kawakawa do ve ry  w e l l  i n  c a p t i v i t y  and a r e  prone t o  on ly  minor pu f fy  
snout  problems. They have a l s o  been kep t  a t  t h e  KRF f o r  a s  long  as  3 years  
but  t h e i r g r o w t h  i n  c a p t i v i t y  i s  n o t  as dramat ic  as  t h a t  of y e l l o w f i n  tuna.  
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F igure  5.--Normal s k i p j a c k  tuna  (upper) and a s k i p j a c k  tuna w i t h  
advanced pu f fy  snout .  This  c o n d i t i o n  can occur  w i t h i n  weeks i n  
c a p t i v i t y .  
w i t h  s e v e r e  pu f fy  snout  cannot  feed and e v e n t u a l l y  d i e  of 
s t a r v a t i o n .  

The t e e t h  and e y e s  are a f f e c t e d  by p u f f y  snout. F i sh  

... . __ .. . . . __ . ... .. ~ .. . . . - . -. .. . . . . ..- .- 
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F i s h  w i l l  u s u a l l y  begin t o  feed  by t h e  second week of t h e i r  c a p t i v i t y ,  
b u t  t h e r e  i s  no set  p a t t e r n .  
becomes a primary cause  of m o r t a l i t y .  
nehu (Hawaiian anchovy, S to lephorus  purpureus)  t o  e n t i c e  newly captured  
f i s h  t o  f eed .  
j a c k  tuna  w i l l  o f t e n  begin  f e e d i n g  on nehu. I n i t i a l l y ,  f e e d i n g  a t t e m p t s  
must be made a t  least  t h r e e  t i m e s  a day by throwing a few p i e c e s  of food 
i n  f r o n t  of t h e  school  whi le  s p l a s h i n g  t h e  water. 
t h i s  s i m u l a t e s  a b a i t  school . )  Once one f i s h  i n  a tank  shows i n t e r e s t  i n  
f e e d i n g , t h e  rest u s u a l l y  fo l low.  
i f  t h e r e  i s  a n  acc l imated  f i s h  a l r e a d y  i n  t h e  tank.  
tomed t o  food t h a t  no longer  swims,dai ly  f e e d i n g s  of thawed f r o z e n  foods 
begin.  

I f  f i s h  do n o t  feed by t h i s  t i m e ,  s t a r v a t i o n  
The KRF keeps a supply of k r i l l  and 

Yellowfin tuna  o f t e n  respond t o  k r i l l  f i r s t ,  whereas sk ip-  

(We humans suppose t h a t  

It i s  a l s o  easier t o  g e t  new f i s h  f e e d i n g  
A f t e r  f i s h  g e t  accus- 

E s t a b l i s h e d  f i s h  are f e d  once a day u n t i l  s a t i a t e d .  Tuna w i l l  o f t e n  
jump d u r i n g  f e e d i n g  as  t h e  food h i t s  t h e  s u r f a c e  and w i l l  a l s o  smash i n t o  
t h e  s i d e s  of a t a n k  i n  a n  e f f o r t  t o  g e t  food. For t h e s e  r e a s o n s  food must 
be thrown towards t h e  center of t h e  tank  and away from t h e  w a l l s .  An 
i n t e r e s t i n g  a s p e c t  of t u n a ’ s  f e e d i n g  behavior  i s  t h e  appearance of v e r t i c a l  
b a r s  on t h e  s i d e s  of  t h e  f i s h .  These are  q u i t e  s t r i k i n g  i n  s k i p j a c k  tuna 
and show up t o  a lesser degree  i n  t h e  o t h e r  s p e c i e s .  

D i e t s  can  be  v a r i e d  accord ing  t o  t h e  needs of t h e  r e s e a r c h e r  and h i s  
funding.  Provid ing  a d i e t  t h a t  i s  c l o s e s t  t o  t h a t  of  a wi ld  f i s h  i s  
p o s s i b l e  b u t  expensive,  because t h e  food must be purchased a t  r e t a i l  market 
p r i c e s .  The KRF keeps a supply of f r o z e n  s m e l t ,  k r i l l ,  and squid f o r  d a i l y  
f e e d i n g s .  

Once i n  t h e  t a n k s  t h e  f i s h  show b e h a v i o r a l  c h a r a c t e r i s t i c s  t h a t  are  
s imi la r  t o  t h o s e  of f i s h  i n  t h e  wi ld ,  Heal thy,  u n s t r e s s e d  f i s h  w i l l  beg in  
school ing  soon a f t e r  be ing  put  i n t o  t h e  hold ing  tanks .  One s i g n  of f i s h  i n  
d i s t r e s s  i s  a break  i n  t h e  school ing  p a t t e r n .  An unheal thy i n d i v i d u a l  w i l l  
s w i m  independent ly  of t h e  school .  

HANDLING PROCEDURES FOR BEHAVIORAL EXPERIMENTS 

Tuna, as exper imenta l  an imals ,  can  be both  i n c r e d i b l y  f r a g i l e  and 
unbel ievably  tough. 
t o  a seemingly minor bump on t h e  snout .  
c a r e f u l l y  and as g e n t l y  as  p o s s i b l e .  

They may s u r v i v e  a drop on t h e  f l o o r  o n l y  t o  d i e  due 
They must always b e  handled as 

I n  t r a n s f e r r i n g  f i s h  t o  be used i n  b e h a v i o r a l  experiments  t h e  
equipment developed by D r ,  Ca lv in  M. Kaya f o r  spawning s t u d i e s  i s  u s e d  
(F igure  6 ) .  
i s  s e p a r a t e d  from t h e  school .  Using a s m a l l  s e i n e ,  the [ i s h  i s  clianneled 
i n t o  a l a r g e  funnel  t h a t  f o r c e s  i t  t o  s w i m  i n t o  a p l a s t i c  sac (Figure  7 ) .  
The sac c o n t a i n i n g  t h e  f i s h  i s  handed o u t  of t h e  tank  and l i t e r a l l y  r u n  t o  
i t s  new d e s t i n a t i o n .  When working w i t h  f i s h  i n  t h e  h o l d i n g  t a n k s  i t  i s  
important  t o  keep t h e  uninvolved f i s h  moving and away from n e t s  and 
t r a n s f e r  equipment. 
g i l l s  and t ime s p e n t  immobile c a n  cause  s e v e r e  hypoxia. 
a good avoidance response b u t  i n  a crowded s i t u a t i o n  panic  may o v e r r i d e  t h i s .  

The water  l e v e l  i n  t h e  tank  is lowered and a n  i n d i v i d u a l  f i s h  

Turns must cont inuous ly  s w i m  t o  p a s s  water over  t h e i r  
Heal thy tuna have 
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RECOVERY AREA 

Figure 6.--A fish holding tank with capture system installed. 
Fish are channeled in the capture sac. At this point they can 
be transferred to the desired work site or put on the work 
table (see Figure 8) for taking biopsies or injecting drugs. 
Figure is from C .  M. Kaya, M. K. K. Queenth, and A. E. Dizon, 
"A capturing and restraining technique for the gonadal biopsy, 
injection, and marking of small tuna in laboratory holding 
tanks." (Manuscript in preparation.) 
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Figure  7 . - -P la s t i c  f u n n e l  and c a p t u r e  sac .  F igure  i s  from 
C .  M. Kaya, M. K. K. Queenth, and A .  E.  Dizon, "A c a p t u r i n g  
and r e s t r ' a i n i n g  technique  f o r  t h e  gonadal b iopsy ,  i n j e c t i o n ,  
and marking of s m a l l  tuna  i n  l a b o r a t o r y  hold ing  t anks . "  
(Manuscript i n  p r e p a r a t i o n . )  

Behaviora l  work done a t  t h e  KRF o f t e n  r e q u i r e s  a tuna  t o  perform a 
t a s k  i n  response  t o  a s t imu lus .  
r e p e r t o i r e  of responses  i s  l i m i t e d  t o  a c t i v i t i e s  t h a t  can  be performed 
whi l e  moving. 
o r  t unne l  i n i t i a l l y  u s i n g  b a i t  t o  induce  t h e  f i s h  t o  respond i n  t h e  d e s i r e d  
f a sh ion .  
f r e e l y .  

Tunas l e a r n  f a i r l y  r a p i d l y  a l though  t h e i r  

A s  a n  example, t unas  can  be t r a i n e d  t o  s w i m  through a hoop 

A f t e r  a number of  t r i a l s  t h e  f i s h  w i l l  u s u a l l y  begin  t o  respond 

Sk ip jack  tuna  are t h e  most d i f f i c u l t  t o  t r a i n  p r i m a r i l y  because t h e i r  
a c t i v i t y  l e v e l  i s  h igh  and t h e  pe r iod  of t i m e  t h a t  they  s t a y  h e a l t h y  i s  
s h o r t .  
p e t l i k e  i n  t h e i r  a b i l i t y  t o  perform, Kawakawa are a l s o  e a s i l y  t r a i n e d  
a l though they  are so motiva ted  by t h e  food reward t h a t  they  must o f t e n  be 
f e d  f i r s t  t o  slow down t h e i r  a c t i v i t y .  

Yel lowf in  tuna  are t h e  easiest  t o  t r a i n  and they  become a lmost  

I- _- - --- -. 
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HANDLING PROCEDUES FOR PHYSIOLOGICAL EXPERIMENTS 

To o b t a i n  f i s h  from t h e  hold ing  t anks  t h a t  are t o  be used i n  a c u t e  
p h y s i o l o g i c a l  experiments ,  a l a r g e  crowder n e t  and a scoop n e t  w i l l  
s u f f i c e .  These f i s h  are no t  u s u a l l y  expected t o  perform o r  recover .  
Again, t h e  f i s h  t h a t  w i l l  be used i n  t h e  experiment must be c a r e f u l l y  
i s o l a t e d  from t h e  rest of t h e  school .  Af t e r  a f i s h  has  been n e t t e d  i t  may 
be i n j e c t e d  wi th  an  a n e s t h e t i c  o r  p a r a l y t i c  agent  and r e tu rned  t o  a hold ing  
tank  u n t i l  t h e  drug t a k e s  e f f e c t .  

Both b a t h  and i n j e c t a b l e  a n e s t h e t i c s  have been t r i e d  bu t  t h e r e  are a 
number of d i sadvantages  t o  t h e  former.  
be used i n  t h e  volume of water t h a t  is  needed f o r  a swimming tuna.  Th i s  
makes such drugs  as MS 222 and qu ina ld ine  i m p r a c t i c a l .  These a n e s t h e t i c s  
a l s o  tend t o  i r r i t a t e  t h e  g i l l s  which cause  t h e  f i s h  t o  become o v e r l y  
e x c i t e d  and t h e  tunas  tend t o  smash i n t o  t h e  t ank  w a l l s  be fo re  t h e  drug can  
t ake  e f f e c t .  Drugs g iven  i n  t h e  food may o r  may n o t  work a s  t h e  f i s h  w i l l  
o f t e n  re ject  t h e  drugged b a i t .  The most o f t e n  used procedure f o r  admin i s t e r -  
i n g  d rugs  i s  i n j e c t i o n ,  b u t  i t  a l s o  h a s  some drawbacks. 
i n j e c t i o n s  t h e  drug  may be pushed back ou t  t h e  i n j e c t i o n  s i t e  by muscular 
c o n t r a c t i o n s ,  r e s u l t i n g  i n  a reduced dosage. In t ravenous  i n j e c t i o n s  are 
n o t  p r a c t i c a l  because n e i t h e r  t h e  v e n t r a l  a o r t a  nor  caudal  v e i n  can be 
e a s i l y  en te red  i n  a s t r u g g l i n g  tuna.  I n t r a p e r i t o n e a l  i n j e c t i o n  is  a l s o  
d i f f i c u l t  i n  a s t r u g g l i n g  f i s h ,  

Large amounts of b a t h  type  drugs  must 

With in t r amuscu la r  

Once on t h e  o p e r a t i n g  t a b l e ,  t h e  f i s h ' s  g i l l s  are  i r r i g a t e d  wi th  
oxygenated seawater and t h e  f i s h  i s  confined w i t h i n  a padded p l e x i g l a s s  
t rough t o  minimize s t r u g g l i n g .  F i sh  have surv ived  up t o  8 h i n  t h i s  
s i t u a t i o n  and can be  used i n  neu rophys io log ica l ,  c a r d i o v a s c u l a r ,  o r  o t h e r  
t ypes  of p h y s i o l o g i c a l  experiments .  

I f  b i o p s i e s  o r  c a r e f u l l y  placed i n j e c t i o n s  are necessary  t h e r e  i s  a 
r e s t r a i n i n g  t a b l e  (F igure  8) t h a t  can  be used wi th in  t h e  hold ing  tanks .  
The f i s h  i s  captured  u s i n g  t h e  p rev ious ly  desc r ibed  funne l  dev ice  and 
p l a s t i c  sac and then  placed on t h e  foam padded t a b l e  wh i l e  i t  i s  s t i l l  i n  
t h e  p l a s t i c  c a r r y i n g  sac. The f i s h  can  then  be t i g h t l y  r e s t r a i n e d  whi le  
b i o p s i e s  are taken  o r  i n j e c t i o n s  given.  

GENERAL PROCEDURES 

There are some g e n e r a l  p rocedures  t h a t  should be followed by v i s i t i n g  
r e s e a r c h e r s  a t  KRF. The s t a f f  w i l l  be a b l e  t o  provide  some a s s i s t a n c e ,  bu t  
t h i s  i s  l i m i t e d  and v i s i t i n g  r e s e a r c h e r s  are expected t o  do t h e  fo l lowing:  

1) Take care of r e s e a r c h  an imals  i f  they  r e q u i r e  any s p e c i a l i z e d  
maintenance o t h e r  t han  r o u t i n e  d a i l y  f eed ing  and tank  c leaning .  
Tank c l e a n i n g  must be  done every  2 o r  3 days.  
organism i s  a brown diatom t h a t  p r o l i f e r a t e s  on t h e  w a l l s  and bottoms 
of t h e  tanks .  T ime  p e r m i t t i n g ,  t h e  KRF s t a f f  w i l l  a s s i s t  w i th  t ank  
c l ean ing .  

The primary f o u l i n g  
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Figure 8.--Restraining table used for taking biopsies or injecting 
drugs. 
system shown in Figure 6 ,  injection or biopsy procedures can often 
be done repeatedly. 
and A. E. Dizon, "A capturing and restraining technique for the 
gonadal biopsy, injection, and marking of small tuna in laboratory 
holding tanks." (Manuscript in preparation.) 

When this table is used in conjunction with the capture 

Figure is from C. M. Kaya, M. K. K. Queenth, 

2 )  Maintain a clean and orderly work area. 

3 )  Use appropriate safety equipment when using any power tools. 

4 )  Label (Figure 9)  and store all specimens in the appropriate storage 
areas. 

5) Keep track of all specifically assigned animals by filling out a 
mortality log (Figure 10) .  

6 )  Attend KRF staff meetings each Monday at noon. At this time all 
researchers must be prepared to discuss requirements for the 
upcoming week such as fish, tank space, etc., and to give a brief 
summary of the past week's progress. 
but follow a set agenda. 

The meetings are informal, 
The minutes are posted after each meeting. 
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FISH MORTALITY LOG - 
Tank GIVE DESIGNATED TANK NUMBER 

S p e c i e s  SJ/ YF/ KK Date of death 

Date of capture I_ IF 

USUALLY 
DETERMINED Female ___.____ f4 

- FOR SJ,KK Not d e t e r m i n e d  

Cause of death Hand1 i n g  

Fork length cm - T I P  OF NOSE 
TO FORK OF TAIL 

Weight -- - 8 

~- Used In experiment RE SEARCHER AND EXPERIMENT TITLE 
S t arved v -- 
Unknown OK W E K  

Puffy Snout Yes :. &YES OCCLUDED) 
No 

=+ Autopsy: 

(1) Hook wounds - Upper - 
STATE DEGREE 

__ Lower 

- Not a p p l i c a b l S 7  

S (2) Frayed fins __ Yes DETAIL 

- NO % 

(3)  Bruises I_ Yes m ~ 1 . s  

No __ 

Yes DETAILS 

No 
( 4 )  Eye damage - 

- 
( 5 )  Gross anatomy J , ~ S T  A N Y  DETAILS THAT ARE OF INTEREST OR THAT MAY HAVE 

CONTRIBUTED TO THE ANIMAL'S DEATH. 

F igure  10.--Sample m o r t a l i t y  log .  One of t h e s e  l o g s  must be f i l l e d  
out: f o r  every  f i s h  removed f r o m  a hold ing  tank.  
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OBLIGATIONS OF VISITING SCIENTISTS 

V i s i t i n g  r e s e a r c h e r s  must be prepared t o  f i n a n c e  t h e i r  own work. 
Researchers  i n  t h e  p a s t  have o f t e n  been funded through t h e i r  home i n s t i t u t i o n s  
o r  through g r a n t s .  The KRF/Experimental Ecology of Tunas Program i s  w i l l i n g  
t o  be  p a r t  of j o i n t  p r o p o s a l s  (Nat iona l  Sc.ience Foundation, Sea Grant., e t c . )  
and w i l l  assist  when needed t o  a r r a n g e  funding. Budgets should i n c l u d e  money 
t o  cover  t r a v e l ,  per  diem, f i s h ,  f i s h  food, and any l a r g e  purchases .  

When work has  been completed a r e p o r t  should be  s e n t  t o  t h e  Program 
Leader t h a t  i n c l u d e s  r e s u l t s ,  conc lus ions ,  and p l a n s  f o r  p u b l i c a t i o n .  This  
should be submit ted 2 weeks a f t e r  t h e  r e s e a r c h e r  has  completed t h e  work. 
Researchers  should a l s o  submit a copy of any p u b l i c a t i o n s  based on work a t  
t h e  KRF. I t  i s  r e q u i r e d  t h a t  t h e  KKF be s p e c i f i c a l l y  acknowledged i n  
p u b l i c a t i o n s  t h a t  use  d a t a  based on work done here .  

The KRF, because of i t s  unique l o c a t i o n  and i t s  a b i l i t y  t o  g e t  l i v e  
tuna  f o r  s tudy ,  h a s  been and w i l l  c o n t i n u e  t o  be t h e  s i te  of important  
marine r e s e a r c h .  V i s i t i n g  s c i e n t i s t s  are always welcome. 


